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Abstract
The SU(3)L⊗U(1)N electroweak model predicts new Higgs bosons beyond the one of the standard
model. In this work we investigate the signature and production of doubly charged Higgs bosons
in the e−e+ International Linear Collider and in the CERN Linear Collider. We compute the
branching ratios for the doubly charged gauge bosons of the model.
PACS numbers:
11.15.Ex: Spontaneous breaking of gauge symmetries,
12.60.Fr: Extensions of electroweak Higgs sector,
14.80.Cp: Non-standard-model Higgs bosons.
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I. INTRODUCTION
A way to the understanding of the symmetry breaking in particle physics is through of
the scalars. These particles protect the unitarity of the theory, in the standard model(SM)
and other models, by moderating the cross section growth and generating masses to all
particles. The discovery of these scalars will be a crucial experiment of the SM and beyond
it. Some extensions of the SM have two Higgs doublet, which arises naturally in models
as supersymmetric one, but also there is (are) Higgs triplet(s) as in models like SU(3)C ⊗
SU(3)L ⊗ U(1)N (3-3-1)[1, 2], Left-right symmetric (LRSM)[3, 4], Higgs triplet [5], Little
Higgs [6] etc. these models with Higgs trplet predict doubly charged Higgs bosons (DCHBs)
and in several of them, these new particles appear as being relatively light. However DCHBs
there exist also as components of Higgs sextet, as for instance in [7].
The Yukawa couplings are usually the manner where Higgs triplet(s) is (are) coupled
to matter field and generally this kind of triplet have no relation with the fermion masses,
although that in the model used here it is responsible to generate mass to the exotic lepton.
In some models the DCHBs do not couple to quarks and their coupling to lepton break
the lepton number by two units. As a result, these new scalar particles have a distinct
experimental signature, namely a same-sign lepton pairs. In models as supersymmetric left-
right models, two triplet Higgs fields are used to break the SU(2) gauge symmetry, in this
case, the double triplet, is called left- and right-handed.
In addition, the presence of DCHBs provides a simple explanation to the lightness of
neutrinos masses through seesaw mechanism [10] according to recent data on neutrino oscil-
lation [11]. For all reasons above, models with Higgs triplet is very important for nowadays
state of art in the searching for a more complete universal particle model.
Important searches have been proposed, as for instance, in hadron colliders [12], in LEP
at CERN, as OPAL detector, including Bhabha scattering [13] or in L3 and Delphi groups
[14]. In HERA at DESY, through ep collision [15] and several others collision experiments
as γγ collision [16], eγ collision [17] as in SLAC, or even via Z → H++H−− [18] or even
through W fusion [19].
Since the beginning of eighties decade, the usual model used for the DCHB search has
been the LRSM. It has been argued that such a DCHBs could occour in that model naturally
associated with majorana neutrinos, where the discovery of these kind of particle would be a
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signal of flavor lepton violation by two units in several processes [4]. after almost forty years
of researches news models have been proposed with the DCHBs inside them, which deserved
be tested. Other model extending the gauge sector of 3-3-1 models has been proposed [8]
and analysis of scalar sector is being investigated using inclusive exact solution proposed
recently [26].
The main motivation of our work is to show that in the context of 3-3-1 model the
signatures for doubly charged Higgs H±± is very significant for the International Linear
collider (ILC) and CERN LInear Collider (CLIC). Our continuos results have indicated a
satisfactory number of events to establish the signal in several kinds of particle colliders and
through of the analyze of those results we can infer about the existence of DCHB and heavy
leptons [23, 24, 25].
II. OVERVIEW OF THE MODEL
The underlying electroweak symmetry group is SU(3)L⊗U(1)N , where N is the quantum
number of the U(1) group. Therefore, the left-handed lepton matter content is
(
ν ′a ℓ
′
a L
′
a
)
T
L
transforming as (3, 0), where a = e, µ, τ is a family index (we are using primes for the
interaction eigenstates). L′aL are lepton fields which can be the charge conjugates ℓ
′
aR
C [1],
ν ′La
C are the antineutrinos or heavy leptons P ′+aL
(
P ′+aL = E
′+
L ,M
′+
L , T
′+
L
)
[2].
The model of Ref. [2] has the simplest scalar sector for 3-3-1 Models. In this version the
charge operator is given by
Q
e
=
1
2
(
λ3 −
√
3λ8
)
+N, (1)
where λ3 and λ8 are the diagonal Gell-Mann matrices and e is the elementary electric charge.
The right-handed charged leptons are introduced in singlet representation of SU(3)L as
ℓ′−aR ∼ (1,−1) and P ′+aR ∼ (1, 1).
The quark sector is given by
Q1L =


u′1
d′1
J1


L
∼
(
3,
2
3
)
, QαL =


d′α
u′α
J ′α


L
∼
(
3∗,−1
3
)
, (2)
where α = 2, 3, J1 and Jα are exotic quarks with electric charge 5/3 and 4/3 respectively. It
must be notice that the first quark family transforms differently from the two others under
the gauge group, which is essential for the anomaly cancellation mechanism [1].
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The physical fermionic eigenstates rise by the transformations
ℓ′−aL,R = A
L,R
ab ℓ
−
bL,R, P
′+
aL,R = B
L,R
ab P
+
bL,R, (3a)
U ′L,R = UL,RUL,R, D′L,R = DL,RDL,R, J ′L,R = J L,RJL,R, (3b)
where UL,R =
(
u c t
)
L,R
, DL,R =
(
d s b
)
L,R
, JL,R =
(
J1 J2 J3
)
L,R
and AL,R, BL,R,
UL,R, DL,R, J L,R are arbitrary mixing matrices.
The minimal scalar sector contains the three scalar triplets
η =


η0
η−1
η+2

 ∼ (3, 0) , ρ =


ρ+
ρ0
ρ++

 ∼ (3, 1) , χ =


χ−
χ−−
χ0

 ∼ (3,−1) . (4)
The most general, gauge invariant and renormalizable Higgs potential, which conserves the
leptobaryon number [27], is
V (η, ρ, χ) = µ21η
†η + µ22ρ
†ρ+ µ23χ
†χ+ λ1
(
η†η
)2
+ λ2
(
ρ†ρ
)2
+ λ3
(
χ†χ
)2
+
+
(
η†η
) [
λ4
(
ρ†ρ
)
+ λ5
(
χ†χ
)]
+ λ6
(
ρ†ρ
) (
χ†χ
)
+ λ7
(
ρ†η
) (
η†ρ
)
+
+λ8
(
χ†η
) (
η†χ
)
+ λ9
(
ρ†χ
) (
χ†ρ
)
+
1
2
(
fǫijkηiρjχk +H. c.
)
(5)
The neutral components of the scalars triplets (4) develop non zero vacuum expectation
value (VEV) 〈η0〉 = vη, 〈ρ0〉 = vρ and 〈χ0〉 = vχ, with v2η + v2ρ = v2W = (246 GeV)2. This
mechanism generate the fermion and gauge boson masses [22]. The pattern of symmetry
breaking is SU(3)L ⊗ U(1)N
〈χ〉7−→ SU(2)L ⊗ U(1)Y
〈η,ρ〉7−→ U(1)em. Therefore, we can expect
vχ ≫ vη, vρ. In the potential (5), f and µj (j = 1, 2, 3) are constants with dimension of
mass and the λi (i = 1, . . . , 9) are adimensional constants with λ3 < 0 and f < 0 from the
positivity of the scalar masses [27]. The η and ρ scalar triplets give masses to the ordinary
fermions and gauge bosons, while the χ scalar triplet gives masses to the new fermion and
gauge bosons. In this work we are using the eigenstates and masses of the Ref. [27]. For
others analysis of the 3-3-1 Higgs potential see Ref. [28].
Symmetry breaking is initiated when the scalar neutral fields are shifted as ϕ = vϕ+ξϕ+
iζϕ, with ϕ = η
0, ρ0, χ0. Thus, the physical neutral scalar eigenstates H01 , H
0
2 , H
0
3 and h
0
are related to the shifted fields as
 ξη
ξρ

 ≈ 1
vW

 cω sω
sω −cω



 H01
H02

 , ξχ ≈ H03 , ζχ ≈ ih0, (6a)
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and in the charged scalar sector we have
η+1 = sωH
+
1 , η
+
2 = sϕH
+
2 , ρ
+ = cωH
+
1 , (6b)
χ+ = cϕH
+
2 , ρ
++ = sφH
++, χ++ = cφH
++, (6c)
with the condition that vχ ≫ vη, vρ in Eqs. (6a) and cω = cosω = vη /
√
v2η + v
2
ρ, sω = sinω,
cφ = cosφ = vρ/
√
v2ρ + v
2
χ, sφ = sinφ, cϕ = cosϕ = vη/
√
v2η + v
2
χ, sϕ = sinϕ. The H
0
1
Higgs boson in Eq. (6a) looks like the standard model scalar boson, since its mass has no
dependence on the VEV vχ [27].
The Yukawa interactions for leptons and quarks are, respectively,
− Lℓ = GabψaLℓ′bRρ+G′abψaLP ′bRχ+H. c., (7a)
−LQ = Q1L
∑
i
[
Gu1iU
′
iRη +G
d
1iD
′
iRρ+
∑
α
QαL
(
F uαiU
′
iRρ
∗ + F dαiD
′
iRη
∗
)]
+
+GjQ1LJ1Rχ+
∑
αβ
GjαβQαLJ
′
βRχ
∗ +H. c. (7b)
In Eqs. (7), as before mentioned a, b = e, µ, τ and α = 2, 3.
Beyond the standard particles γ, Z and W± the model predicts, in the gauge sector, one
neutral (Z ′), two single charged (V ±) and two double charged (U±±) gauge bosons. The
interactions between the gauge and Higgs bosons are given by the covariant derivative
Dµϕi = ∂µϕi − ig
(
~Wµ.
~λ
2
)j
i
ϕj − ig′NϕϕiBµ, (8)
where Nϕ are the U(1) charges for the ϕ Higgs triplets (ϕ = η, ρ, χ). ~Wµ and Bµ are field
tensors of SU(2) and U(1), respectively, ~λ are Gell-Mann matrices and g and g′ are coupling
constants for SU(2) and U(1), respectively.
Introducing the eigenstates (3) and (6) in the Lagrangeans (7) we obtain the Yukawa
interactions as function of the physical eigenstates, i. e.,
−Lℓ = 1
2
{
1
vρ
[
cωνUνeH+1 +
(
vρ + sωH
0
1 − cωH02
)
e− + sφP+UPeH++
]
MeGRe
−+
+
1
vχ
[
cωνVνPH−2 + cφe−VePH−− +
(
vχ +H
0
3 + ih
0
)
P+
]
MEGRP
+
}
+
+H. c., (9a)
−LQ = 1
2
{
UGR
[
1 +
[
sω
vρ
+
(
cω
vη
+
sω
vρ
)
Vu
]
H01 +
[
−cω
vρ
+
(
sω
vη
− cω
vρ
)
Vu
]
H02
]
MuU+
+DGR
[
1 +
[
cω
vη
+
(
sω
vρ
− cω
vη
)
VD
]
H01 +
[
sω
vη
−
(
cω
vρ
+
sω
vη
)
VD
]
H02
]
MdD+
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+ UGR
[
sω
vη
V †CKMH
−
1 +
(
cω
vη
− sω
vρ
)
VudH+1
]
MdD+
+ DGR
[
cω
vρ
VCKMH
+
1 +
(
sω
vη
− cω
vρ
)
Vud†H−1
]
MuU
}
+H. c., (9b)
−LJ = 1
2
[
JGRJ L†
(NULMuU +RDLMdD)+
+
(
UUL†X1 +DDL†X2 + JJ L†X0
)J LMJGRJ]+H. c., (9c)
where GR = 1 + γ5, V
U
L V
D
L = VCKM, the Cabibbo-Kobayashi-Maskawa mixing matrix, Uνe,
UPe, Vνe, VeP , Vu = V UL ∆V U†L , Vd = V DL ∆V D†L and Vud = V UL ∆V D†L are arbitrary mixing ma-
trices, Me = diag
(
me mµ mτ
)
, MP = diag
(
mE mM mT
)
, Mu = diag
(
mu mc mt
)
,
Md = diag
(
md ms mb
)
and MJ = diag
(
mJ1 mJ2 mJ3
)
. In Eq. (9c) we have defined
N =


sωH
+
2 /vη 0 0
0 sφH
−−/vρ sφH
−−/vρ
0 sφH
−−/vρ sφH
−−/vρ

 , X0 ≈ vχ +H
0
3 + ih
0
vχ


1 0 0
0 1 1
0 1 1

 , (10a)
R =


sφH
++/vρ 0 0
0 sωH
−
2 /vη sωH
−
2 /vη
0 sωH
−
2 /vη sωH
−
2 /vη

 , X1 = 1vχ


cωH
−
2 0 0
0 cφH
++ cφH
++
0 cφH
++ cφH
++

 , (10b)
X2 = 1
vχ


cφH
−− 0 0
0 cωH
+
2 cωH
+
2
0 cωH
+
2 cωH
+
2

 . (10c)
We call attention to the fact that non standard field interactions violate leptonic number,
as can be seen from the Lagrangians (7) and (8). However the total leptonic number is
conserved [1].
III. CROSS SECTION PRODUCTION
A. e−e+ → H±±H∓∓
The production of DCHBs particles in e+e− collisions occurs in association with the
boson γ, Z, Z
′
, H01 and H
0
2 in the s channel. This production mechanism can be studied
through the analysis of the reactions e−e+ → H±±H∓∓, provided if there is enough available
energy (
√
s ≥ 2m±±, where m±± is the mass of DCHB ). There is anrother contribution
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coming from t-channel, that is e−e+ → H++H−− via t-channel heavy lepton exchange,
this contribution are three to four orders of magnitude smaller than the s-channel, because
the coupling e+P+H++ is proportional to electron mass, [23] in this work the couplings
are interchanged, therefore we have not take into account such contributions. Using the
interaction Lagrangians (5) and (9) we evaluate the differential cross section for this reaction
dσˆ
d cos θ
=
β α2 π(Λγµ)
2
8s3
[
8m4±± − 8m2±±(t + u) + 16m2±± m2e + 2t2
+4tu− 8m2e(t+ u) + 2u2 − 2s2 + 8m2e
]
+
β α2 π(ΛZ(Z′)µ)
2
32s sin2 θW cos2 θW [(s−m2Z,Z′)2 +m2Z,Z′ Γ2Z,Z′]
[
−8m2±±s[(gℓ(ℓ
′
)
V )
2 + (g
ℓ(ℓ
′
)
A )
2]
+32m±±2m2e(gℓ(ℓ
′
)
A )
2 − 2t2[(gℓ(ℓ
′
)
V )
2 + (g
ℓ(ℓ
′
)
A )
2] + 4tu[(g
ℓ(ℓ
′
)
V )
2 + (g
ℓ(ℓ
′
)
A )
2]
−2u2[(gℓ(ℓ
′
)
V )
2 + (g
ℓ(ℓ
′
)
A )
2]
+2s2[(g
ℓ(ℓ
′
)
V )
2 + (g
ℓ(ℓ
′
)
A )
2]− 8sm2e(gℓ(ℓ
′
)
A )
2
]
+
β m2e (Λ1)
2
128 πv2W s [(s−m2H0
1
)2 +m2
H0
1
Γ2
H0
1
]
(
s− 2 m2e
)
+
β m2e v
2
ρ (Λ2)
2
128 π v2W v
2
η s [(s−m2H0
2
)2 +m2
H0
2
Γ2
H0
2
]
(
s− 2 m2e
)
(11)
− β m
2
e vρ (Λ1) (Λ2)
64 π v2W vη s (s−m2H0
1
+ imH0
1
ΓH0
1
) (s−m2
H0
2
+ imH0
2
ΓH0
2
)
(
s− 2 m2e
)
+
β α2 π (Λγµ) (ΛZ′µ)
8 sin θW cosθW s(s−m2Z′)
[
−8 m±±2sgℓ′V − 2t2gℓ
′
V
+4tugℓ
′
V − 2u2gℓ
′
V + 2s
2gℓ
′
V
]
.
(12)
The primes (′) is for the case when we take a boson Z ′, ΓZ,Z′ are the total width of the
boson Z and Z ′ [29, 30], β is the velocity of the Higgs in the center of mass of the process,
α is the fine structure constant, which we take equal to α = 1/128, gℓV,A are the standard
coupling constants, gℓ
′
V,A are the 3-3-1 lepton coupling constants, mZ is the mass of the Z
boson,
√
s is the center of mass energy of the e−e+ system, t = m2±± − (1 − β cos θ)s/2
and u = m2±± − (1 + β cos θ)s/2, where θ is the angle between the heavy DCHBs and the
incident electron, in the c. m. frame. For Z ′ boson we take mZ′ = (0.6− 3) TeV, since
mZ′ is proportional to the VEV vχ [1]. For the standard model parameters we assume PDG
values, i. e., mZ = 91.19 GeV, sin
2 θW = 0.2315 and mW = 80.33 GeV [31] and vη, vρ are
7
the VEV. The Λi, where i stands for H
0
1 , H
0
2 , are the vertex strengths of these bosons to
H−−H++, the Λγµ is the vertex strengths of the foton to H
−−H++, and the ΛZ(Z′)µ are of
the bosons Z and Z
′
to H−−H++. The analytical expressions for these vertex strengths are
Λγµ =
v2χ − v2η
v2χ + v
2
η
, (13)
ΛZµ = −i
(1− 4 sin2 θW )v2η + 4 sin2 θW v2χ
4 sin θW cos θW (v2χ + v
2
η)
, (14)
ΛZ′µ = −
2(1− 7 sin2 θW )v2χ − (1− 10 sin2 θW )v2η
4 sin θW cos θW
√
3(1− 4 sin2 θW )(v2χ + v2η)
, (15)
Λ1 = −i(
2[(2λ6 + λ9)v
4
η + 2(2λ2 + λ9)v
2
ηv
2
χ + 2(λ4 v
2
χ + λ5 v
2
η)v
2
ρ − fvηvρvχ]
vW (v2η + v
2
χ)
), (16)
Λ2 = i(
vη[2(−λ5 + λ6 + λ9)v2ηvρ + 2(2λ2 − λ4 + λ9)v2χ vρ + fvηvχ]
vW (v2η + v
2
χ)
) . (17)
The Higgs parameters λi (i = 1 . . . 9) must run from −3 to +3 in order to allow perturbative
calculations. For H02 we take mH02 = (0.2− 3.0) TeV. It must be notice that here there is
no contribution from the interference between the scalar particle H01(2) and a vectorial one
(γ, Z or Z ′) such as between the foton and the boson Z.
Referring to the signal, that is, H±± → U±±Z, it is necessary to compute the decay of
U±±, which total width into J2,3 q¯u,c,t (J¯2,3 qu,c,t) and qd J¯1 (q¯d J1) quarks, e
±P± leptons,
γH±± foton and DCHBs, Z(Z ′)H±± gauge boson and DCHBs, H±1 H
±
2 , H
0
1H
±±, H02H
±±,
H03H
±± and h0H±± Higgs bosons, are respectively given by
Γ
(
U±± → all) = ΓU±±→J2,3 q¯u,c,t (J¯2,3 qu,c,t) + ΓU±±→qd J¯1 (q¯d J1) + ΓU±±→ℓ±P± + ΓU±±→γ H±±
+ΓU±±→Z H±± + ΓU±±→Z′ H±± + ΓU±±→H±
1
H±
2
+ ΓU±±→H0
1
H±±
+ΓU±±→H0
2
H±± + ΓU±±→H0
3
H±± + ΓU±±→h0 H±±,
8
where we have for each the widths given above that
ΓU∓∓→J2,3 q¯u,c,t (J¯2,3 qu,c,t) =
√
1−
(
mJ2,3+mq¯u,c,t
m
U∓∓
)2√
1−
(
mJ2,3−mq¯u,c,t
m
U∓∓
)2
48πmU∓∓
(Λ2UJqu)(
8m2U±± − 4m2J2,3 − 4m2q¯u,c,t
)
, (18)
ΓU∓∓→qd J¯1 (q¯d J1) =
√
1−
(
mqd+mJ¯1
m
U∓∓
)2√
1−
(
mqd−mJ¯1
m
U∓∓
)2
48πmU∓∓
(Λ2UJqd)(
8m2U∓∓ − 4m2J¯1 − 4m2qd
)
, (19)
ΓU∓∓→ℓ− P− (ℓ+ P+) =
√
1−
(
mℓ+mP
m
U∓∓
)2√
1−
(
mℓ−mP
m
U∓∓
)2
48πmU∓∓
(Λ2UlP )(
8m2U∓∓ − 4m2ℓ − 4m2P
)
, (20)
ΓU∓∓→γ H∓∓ =
(
1− m2∓∓
m2
U∓∓
)
16πmU∓∓
[(ΛUAH++)
µν(ΛUAH++)µν ]
2, (21)
ΓU∓∓→Z H∓∓ =
√
1−
(
mZ+m∓∓
m
U∓∓
)2√
1−
(
mZ−m∓∓
m
U∓∓
)2
48πmU∓∓
(
2 +
m2U∓∓
4m2Z
)
[(ΛUZH++)
µν(ΛUZH++)µν ]
2, (22)
ΓU∓∓→Z′ H∓∓ =
√
1−
(
mZ′+m∓∓
m
U∓∓
)2√
1−
(
mZ′−m∓∓
m
U∓∓
)2
48πmU∓∓
(
2 +
m2
U∓∓
4m2Z′
)
[(ΛUZLH++)
µν(ΛUZLH++)µν ]
2, (23)
ΓU∓∓→H−
1
H−
2
=
√
1−
(
m
H
−
1
+m
H
−
2
m
U∓∓
)2√
1−
(
m
H
−
1
−m
H
−
2
m
U∓∓
)2
48πmU∓∓(
m2U − 2m2H−
1
− 2m2
H−
2
)
(Λ2UH1H2), (24)
ΓU∓∓→H0i H∓∓ =
√
1−
(m
H0
i
+m∓∓
m
U∓∓
)2√
1−
(m
H0
i
−m∓∓
m
U∓∓
)2
48πmU∓∓(
m2U − 2m2H0i − 2m
2
∓∓
)
(Λ2UH0iH++
), (25)
9
where H0i denote the H
0
1 , H
0
2 , H
0
3 and h
0 and the couplings are given by
ΛUJqu(UJqd) = −i e
2
√
2 sin θW
, (26)
ΛUlP = −i e
2
√
2 sin θW
, (27)
(ΛUAH++)µν = igµν
√
2 vηvχ
sinθW
√
v2η + v
2
χ
, (28)
(ΛUZH++)µν = igµν
√
2 vηvχ
cosθW
√
v2η + v
2
χ
, (29)
(ΛUZLH++)µν = −igµν
√
2(1− 4 sin2θW ) vηvχ
sinθW cosθW
√
3(v2η + v
2
χ)
, (30)
ΛUH1H2 = −
vηvχ
2
√
2 sinθW vW (v
2
ρ + v
2
χ)
, (31)
ΛUH0
1
H++ = −
vηvχ
2
√
2 sinθW vW
√
v2η + v
2
χ
, (32)
ΛUH0
2
H++ =
vρvχ
2
√
2 sinθW vW
√
v2η + v
2
χ
, (33)
ΛUH0
3
H++ = −
vη
2
√
2 sinθW
√
v2η + v
2
χ
, (34)
ΛUh0H++ = i
vη
2
√
2 sinθW
√
v2η + v
2
χ
. (35)
IV. RESULTS AND CONCLUSIONS
In the following we present the cross section for the process e+e− → H±±H∓∓ for the
ILC (1.5 TeV) and CLIC (3 TeV), where we have chosen for the parameters, masses and the
VEV, the following representative values: λ1 = −1.2, λ2 = λ3 = −λ6 = λ8 = −1, λ4 = 2.98
λ5 = −1.57, λ7 = −2, λ9 = −0.8, vη = 195 GeV and with other particles masses as given
in Table I, it is to notice that the value of λ9 was chosen this way in order to guarantee the
approximation −f ≃ vχ, [22, 24] and because the masses of mh0 , mH±
1
and mH±
2
depend on
the parameter f and therefore they can not be fixed by any value of vχ, [23, 24], so when we
have m±± = 500(700) GeV, vχ = 1000 GeV, the masses of H
±
2 and h are m
±
H2
= 671.9(917.1)
GeV, and mh = 1756.2(1017.6) GeV, and in the case of vχ = 1500 for m±± = 500(700) GeV,
the values of the mass of H±2 and h are m
±
H2
= 901.6(1223.6) GeV and mh = 2802.7(2052.2)
GeV, respectively.
The mass of mZ′ taken in Table I is in accord with the estimates of the CDF and D0
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TABLE I: Values of the masses for vη = 195 GeV and the sets of parameters given in the text. All the
values in this table are given in GeV.
vχ mE mM mT mH0
2
mH0
3
mV mU mZ′ mJ1 mJ2 mJ3
1000 148.9 875 2000 1017.2 2000 467.5 464 1707.6 1000 1410 1410
1500 223.3 1312.5 3000 1525.8 3000 694.1 691.8 2561.3 1500 2115 2115
FIG. 1: Total cross section for the process e−e+ → H−−H++ as function of m±± at
√
s = 1500
GeV: (a) vχ = 1 TeV (solid line), and (b) vχ = 1.5 TeV (dashed line).
experiments, which probes the Z ′ masses in the 500-800 GeV range, [32], while the reach of
the LHC is superior for higher masses, that is 1 TeV < mZ′ ≤ 5 TeV, [33], concerning to
Higgs the LHC is able to discover the Higgs boson with a mass up to TeV’s and to check its
basic properties.
In Figs. 1 and 2, we show the cross section e+e− → H±±H∓∓, these processes will be
studied in two cases, the one where we put for the VEV vχ = 1000 GeV and the other
vχ = 1500 GeV, respectively. Considering that the expected integrated luminosity for both
colliders will be of order of 3.8 × 105 pb−1/yr and 3 × 106 pb−1/yr respectivelly, then the
statistics we are expecting are the following.
The ILC collider gives a total of ≃ 9.1 × 104 events per year, if we take the mass of the
11
FIG. 2: Total cross section for the process e−e+ → H−−H++ as function of m±± at
√
s = 3 TeV:
(a) vχ = 1 TeV (solid line), and (b) 1.5 TeV (dashed line).
FIG. 3: Branching ratios for the DCHBs decays as functions of m±± for λ9 = −0.8, vχ = 1 TeV
for the leptonic sector.
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FIG. 4: Branching ratios for the DCHBs decays as functions of m±± for λ9 = −0.8, vχ = 1 TeV
for the bosonic sector.
FIG. 5: Branching ratios for the DCHBs decays as functions of m±± for λ9 = −0.8, vχ = 1.5 TeV
for the leptonic sector.
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TABLE II: Branching ratios from H±± → e±± and events per year (total and partial), for vχ = 1000 and
1500 in function of m++, m
±
H2
and mh, which their units and the unit of vχ are in GeV.
BR in % for NLC NLC CLIC CLIC
vχ m++ m
±
H2
mh
H±± → U±±γ Total ev/yr BR ev/yr Total ev/yr BR ev/yr
1000
500 671.9 1756.2 49.5 9.1 × 104 5.6 × 103 1.5 × 105 9.1 × 103
700 917.1 1017.6 23.7 1.0 × 104 140 1.2 × 105 1.7 × 103
1500
500 901.6 2802.7 - - - - -
700 1223.6 2052.2 47.7 1.1 × 103 63 5.4 × 105 3.0 × 104
boson m±± = 500 GeV, vχ = 1000 GeV. Considering that the signal for H
∓∓ are U−−γ
and U++γ and taking into account that the branching ratios for these particles would be
BR(H−− → U−−γ) = 49.5% and BR(H++ → U++γ) = 49.5%, see Figs. 3 and 4, for the
mass of the Higgs boson m±± = 500 GeV, vχ = 1000 GeV, and that the particles U
∓∓ decay
into e−P− and e+P+, whose branching ratios for these particles would be BR(U−− →
e−P−) = 50% and BR(U++ → e+P+) = 50%, see Figs. 7 and 8, then we would have
approximately ≃ 5.6× 103 events per year for the ILC, regarding the VEV vχ = 1500 GeV
it will not give any event because it its restricted by the values of mU±± which in this case
give mU±± = 691.8 GeV, see Table I.
Taking now the mass of the Higgs boson m±± = 700 GeV and the VEV value vχ = 1000,
we then have a total of ≃ 104 events per year. Considering now the same signal as above,
whose branching ratios are equal to BR(H−− → U−−γ) = 23.7% and BR(H++ → U++γ) =
23.7%, see Figs. 3 and 4, for the mass of the Higgs boson m±± = 700 GeV, vχ = 1000
GeV, and that the particles U∓∓ decay into e−P− and e+P+, whose branching ratios for
these particles would be BR(U−− → e−P−) = 50% and BR(U++ → e+P+) = 50%, see
Figs. 9 and 10, then we would have approximately ≃ 140 events per year for the ILC,
regarding the VEV vχ = 1500 GeV then we will have around ≃ 1.1 × 103 events per year
and considering the same parameters signals as above, that is, BR(H−− → U−−γ) = 47.7%
and BR(H++ → U++γ) = 47.7%, see Figs. 5 and 6, and BR(U−− → e−P−) = 50% and
BR(U++ → e+P+) = 50%, see Figs. 11 and 12, then we would have approximately ≃ 63
events per year for the ILC. These results are showed in the Table II.
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FIG. 6: Branching ratios for the DCHBs decays as functions of m±± for λ9 = −0.8, vχ = 1.5 TeV
for the bosonic sector.
FIG. 7: Branching ratios for the doubly charged gauge bosons decays as functions of mU±± for
λ9 = −0.8, vχ = 1 TeV and m±± = 500 GeV for the leptonic sector.
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FIG. 8: Branching ratios for the doubly charged gauge bosons decays as functions of mU±± for
λ9 = −0.8, vχ = 1 TeV and m±± = 500 for the bosonic sector.
FIG. 9: Branching ratios for the doubly charged gauge bosons decays as functions of mU±± for
λ9 = −0.8, vχ = 1 TeV and m±± = 700 GeV for the leptonic sector.
16
FIG. 10: Branching ratios for the doubly charged gauge bosons decays as functions of mU±± for
λ9 = −0.8, vχ = 1 TeV and m±± = 700 for the bosonic sector.
FIG. 11: Branching ratios for the doubly charged gauge bosons decays as functions of mU±± for
λ9 = −0.8, vχ = 1.5 TeV and m±± = 700 GeV for the leptonic sector.
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FIG. 12: Branching ratios for the doubly charged gauge bosons decays as functions of mU±± for
λ9 = −0.8, vχ = 1.5 TeV and m±± = 700 for the bosonic sector.
The cross section for the CLIC collider is restricted by the mass of the DCHBs, because for
vχ = 1000(1500) and λ9 = −0.8 the acceptable masses are up to m±± ≃ 903(1346) GeV, see
[24], taking this into account we obtain a total of ≃ 1.5× 105 events per year, if we take the
mass of the bosonm±± = 500 GeV, vχ = 1000 GeV. Considering the same signal as above for
H∓∓ production, that are, U−−γ and U++γ and taking into account that the branching ratios
for these particles would be BR(H−− → U−−γ) = 49.5% and BR(H++ → U++γ) = 49.5%,
see Figs. 3 and 4, for the mass of the Higgs boson m±± = 500 GeV, vχ = 1000 GeV, and
that the particles U∓∓ decay into e−P− and e+P+, whose branching ratios for these particles
would be BR(U−− → e−P−) = 50% and BR(U++ → e+P+) = 50%, see Figs. 7 and 8,
then we would have approximately ≃ 9.1×103 events per year for the CLIC, regarding VEV
vχ = 1500 GeV it will not give any event due to the considerations given above. Considering
now the mass of the Higgs boson m±± = 700 GeV and the VEV vχ = 1000, we then
have a total of 1.2 ≃ 105 events per year. Considering now the same signal as above, whose
branching ratios are equal to BR(H−− → U−−γ) = 23.7% and BR(H++ → U++γ) = 23.7%,
see Figs. 3 and 4, for the mass of the Higgs boson m±± = 700 GeV, vχ = 1000 GeV,
and that the particles U∓∓ decay into e−P− and e+P+, whose branching ratios for these
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particles would be BR(U−− → e−P−) = 50% and BR(U++ → e+P+) = 50%, see Figs.
9 and 10, then we would have approximately ≃ 1.7 × 103 events per year for the CLIC,
regarding VEV vχ = 1500 GeV then we will have around ≃ 5.4 × 105 events per year and
considering the same parameters signals as above, that is, BR(H−− → U−−γ) = 47.7%
and BR(H++ → U++γ) = 47.7%, see Figs. 5 and 6, and BR(U−− → e−P−) = 50%
and BR(U++ → e+P+) = 50%, see Figs. 11 and 12, then we would have approximately
≃ 3.1 × 104 events per year for the CLIC. These results are showed in the Table II. There
are another signals, such as H∓∓ → U±±Z → E±e±e±e∓ and a H∓∓ → E±e± these signals
occur with a small probability, the first with a probability of ≃ 10−2 and the second with
a ≃ 10−5 events per year for the following parameters, vχ = 1500 GeV, m± = 700 GeV,
λ = −0.8 and the others parameters listed above. As we can see the signals that occur
with a large probability are the ones we have considered above. So we have that the high
energy electron-positron colliders can be a rich source for DCHBs. In relation to the signal,
H±± → U±±γ and U±± → e±P±, we conclude that it is a very striking and important
signal, the doubly-charged Higgs boson will deposit six times the ionization energy than the
characteristic single-charged particle, that is, if we see this signal we will not only be seeing
the DCHBs but also the doubly charged gauge bosons and heavy leptons. It is to notice that
there are not standard model backgrounds to this signal. The discovery of a pair of DCHBs
will be without any doubt of great importance for the physics beyond the standard model,
because of the confirmation of the Higgs triplet representation and indirect verification that
there is assymetry in decay rates between matter and antimatter. Our study indicates the
possibility of obtaining a clear signal of these new particles with a satisfactory number of
events.
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